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(57) ABSTRACT 

An apparatus and method for testing mechanical endurance 
of a surface of an optical disc are disclosed. The apparatus 
includes a rotating plate, on Which an optical disc to be 
scratched is loaded, for rotating the loaded optical disc, and 
a plurality of abrasion Wheels, disposed at a perpendicular to 
the rotating plate, for contacting the optical disc and gen 
erating the scratch, the scratch being generated When the 
optical disc rotates under 5 turns for the abrasion Wheels 
apply a predetermined load on the optical disc. 
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APPARATUS AND METHOD FOR TESTING 
MECHANICAL ENDURANCE OFA SURFACE OF 

AN OPTICAL DISC 

[0001] This application claims the bene?t of the Korean 
Application No. P2003-16513 ?led on Mar. 17, 2003, Which 
is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an apparatus and 
method for testing quality of an optical disc, and more 
particularly, to an apparatus method for testing quality of 
mechanical endurance of a surface of an optical disc. 

[0004] 2. Discussion of the Related Art 

[0005] Up to noW, there are recording media such as a 
magnetic recording tape, a laser disc (LD) or a compact disc 
(CD) as an optical disc, and a digital video disc (DVD) 
neWly born With a vast recording capacity. 

[0006] Since the optical disc among the recording media 
utiliZes a digital recording system different from the con 
ventional recording system, that is, magnetic recording 
system, and has a very small volume and Weight so that it is 
ef?cient and convenient to keep and carry, it is a recent trend 
for a consumer to prefer the optical disc. 

[0007] HoWever, even any appliance should be used With 
out any defect, and if there Were any problem in quality, then 
the consumer’s reliability for the manufacturer Would be 
decreased. 

[0008] This causes more serious problem in the optical 
disc having minute signal characteristics and brings inferior 
quality originated from the error of thickness of a disc, 
scratch, deformity, ?ngerprint, and attachment of foreign 
material during manufacturing of the product. 

[0009] Thus, a produced optical disc undergoes the quality 
test as a neXt process, and the optical disc is shipped to an 
optical disc market. 

[0010] A conventional quality test for an optical disc is 
generally performed by four measuring drives. 

[0011] First, under the assumption that characteristics of 
optical discs manufactured by the same equipment are 
identical, the manufacturer makes a choice of an arbitrary 
optical disc from all of the manufactured optical discs and 
loads the selected optical disc onto a measuring system. 

[0012] In the ?rst measuring drive, a high frequency Wave 
signal and a jitter are measured by means of a signal 
reproduced from the optical disc. 

[0013] In the second measuring drive, a servo signal (a 
focusing error signal and a tracking error signal) are mea 
sured based on a signal reproduced from the optical disc. 

[0014] In the third measuring drive, the mechanical char 
acteristics of the optical disc, Which undergoes the quality 
test, are measured. 

[0015] Finally, in the fourth measuring drive, the optical 
characteristics of the optical disc are measured. 
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[0016] As described above, according to the conventional 
test, an accuracy of information recording, and the mechani 
cal characteristics and an optical characteristics of the opti 
cal disc are inspected. 

[0017] From these, since a mechanical damage that Would 
occur on an incident surface of an information recording/ 
reproducing laser beam during the use of an high density 
optical disc, that is, a scratch and the like causes the 
deterioration of a signal of an optical disc as Well as data 
loss, and in more Worse case, brings the recording and/or 
reproducing of information onto the optical disc impossible, 
the damage takes the most important portion of the quality 
test of the optical disc. 

[0018] Therefor, to prevent this, a protective coating may 
be formed to enhance the mechanical stiffness or hardness of 
the surface of the optical disc. 

[0019] HoWever, after forming the protective coating on 
the disc surface for this purpose, the mechanical character 
istics of the protective coating should be quantized. Namely, 
there is need to quantiZe for hoW long the protective coating 
endure the scratch Which Would occur during the use of the 
optical disc. 

[0020] There are a pencil hardness test and a taber abra 
sion test as a test for the quantiZation of surface-proof of the 
high-density optical disc. 
[0021] The pencil hardness test is an estimating method 
for estimating the scratch at a hardness value corresponding 
a hardness of the pencil at an instant When the scratch occurs 
by contacting pencils of Which different hardness to the 
optical disc in a rectilinear motion. 

[0022] HoWever, the pencil hardness test is a test for 
generating the scratch by Which a human contacts the pencil 
on the surface of the optical disc, has disadvantages that it 
is difficult not only to maintain same load continuously, but 
also to generate the quantiZation scratch because the scratch 
does not occur as many as desired. 

[0023] The taber abrasion test is a test to estimate degree 
of endurance by uniformly Wearing the surface of the optical 
disc While giving a predetermined load by means of D1004 
method of a standard, American Society for Testing and 
Materials (ASTM) as a kind of an abrasion Wheel. 

[0024] In the conventional taber abrasion testing appara 
tus, if an optical disc to be scratched is loaded and rotated, 
a plurality of abrasion Wheels having a predetermined 
Weight contact the optical disc at a perpendicular position to 
the optical disc so that scratch the surface of the optical disc 
by a uniform load for at least more ten rotation of the optical 
disc. 

[0025] At that time, the ASTM de?nes the load generated 
from the abrasion Wheel less than 9.8N (1000 gf), and there 
are several kinds such as CS-10F, CS-10, and CS-17 to be 
used. 

[0026] The taber abrasion testing apparatus as described 
above is an equipment designed for the purpose of not 
testing the mechanical endurance of the surface of the 
optical disc by scratching the optical disc, but testing a 
degree of the scratch of general plastic goods. 
[0027] Therefore, the scratch occurring by the taber abra 
sion testing apparatus is remarkably different from the 
scratch generated When the optical disc is used actually in 
real life. 
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[0028] Namely, the taber abrasion testing apparatus deter 
mines the endurance of the surface of the optical disc by 
Wearing the surface. This is remarkably different from the 
situation that real-generated scratch is reacted in a drive (for 
example, an optical disc drive) for driving the optical disc by 
responding the operation. 

[0029] Therefore, since the manufacturer determines the 
quality of the optical disc by his relative determination With 
his veteran knoW-hoW not quantitative classi?cation accord 
ing to an actual reference standard When to determine the 
quality of the optical disc poor or good by the taber abrasion 
testing apparatus, there are a plenty of errors. Moreover, 
since the scratches generated on the optical disc in real life 
and by the taber abrasion testing apparatus are different from 
each other in the shape, a try to determine the optical disc 
poor or good With only the knoW-hoW Without absolute 
reference value makes vast of errors. 

[0030] As described above, since, up to noW, there is not 
a special method for quantiZing generation degree of the 
scratch in order to test the mechanical endurance of the 
surface of the optical disc, a quantization of the degree of the 
scratch is urgently demanded. 

SUMMARY OF THE INVENTION 

[0031] Accordingly, the present invention is directed to an 
apparatus and method for testing mechanical endurance of a 
surface of an optical disc that substantially obviates one or 
more problems due to limitations and disadvantages of the 
related art. 

[0032] An object of the present invention is to provide an 
optimum apparatus for testing to quantiZe characteristics of 
mechanical endurance of a surface of an optical disc for the 
purpose of enhancing mechanical characteristics of the 
surface and a method performed by the apparatus. 

[0033] Another object of the present invention is to pro 
vide an apparatus for testing mechanical endurance of a 
surface of an optical disc, increasing reliability, and saving 
the testing cost, and a method performed by the apparatus. 

[0034] Still another object of the present invention is to 
provide an apparatus for classifying a poor product and a 
good product by setting an absolute reference rapidly and 
precisely, and a method performed by the apparatus. 

[0035] Still another object of the present invention is to 
generate scratch of the closest type of the scratch to be 
generated in real life so as to enhance the reliability of the 
test for the mechanical endurance of a surface of an optical 
disc. 

[0036] Additional advantages, objects, and features of the 
invention Will be set forth in part in the description Which 
folloWs and in part Will become apparent to those having 
ordinary skill in the art upon examination of the folloWing 
or may be learned from practice of the invention. The 
objectives and other advantages of the invention may be 
realiZed and attained by the structure particularly pointed out 
in the Written description and claims hereof as Well as the 
appended draWings. 
[0037] To achieve these objects and other advantages and 
in accordance With the purpose of the invention, as embod 
ied and broadly described herein, an apparatus for testing 
mechanical endurance of a surface of an optical disc, 
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includes a rotating plate, on Which an optical disc to be 
scratched is loaded, for rotating the loaded optical disc, and 
a plurality of abrasion Wheels, disposed at a perpendicular to 
the rotating plate, for contacting the optical disc and gen 
erating the scratch, the scratch being generated When the 
optical disc rotates under 5 turns for the abrasion Wheels 
apply a predetermined load on the optical disc. 

[0038] In another aspect of the present invention, the load 
applied on the optical disc by the abrasion Wheels ranged 
from 0.5N (50 gf) to 16.2N (1650 gf) and the depth of the 
scratch on the surface of the optical disc ranges 0 pm to 2 
pm. 

[0039] The abrasion Wheel may be selected any one of 
CS-10F, CS-10, and CS-17. 

[0040] The scratch may be generated When the optical disc 
rotates one turn for the optical disc is applied With a load of 
0.5N to 2.5N (50 gf to 250 gf) by the CS-10F abrasion 
Wheel, When the optical disc rotates one turn for the optical 
disc is applied With a load of 6.4N to 8.3N (650 gf to 850 gf) 
by the CS-10 abrasion Wheel, and When the optical disc 
rotates one turn for the optical disc is applied With a load of 
11.8N to 13.7N (1200 gf to 1400 gf) by the CS-17 abrasion 
Wheel. 

[0041] In still another aspect of the present invention, a 
method of testing a mechanical endurance of a surface of an 
optical disc by using an test apparatus of Which a rotating 
plate rotates the optical disc and a plurality of abrasion 
Wheels generates scratch on the optical disc, includes the 
steps of ?xing the optical disc on the rotating plate, rotating 
the optical disc by the rotating plate, contacting the abrasion 
Wheels to the surface of the optical disc and increasing a 
contacting load of the abrasion Wheels and the optical disc 
by a predetermined load, generating the scratch on the 
surface of the optical disc by maintaining the contacting load 
of the optical disc and the abrasion Wheels until the optical 
disc rotates belloW ?ve turns and departing the abrasion 
Wheels contacting the optical disc from the optical disc, and 
separating the optical disc from the rotating plate and 
determining Whether the optical disc is poor or good by 
comparing a depth of the scratch generated on the surface of 
the optical disc With a predetermined absolute reference 
value. 

[0042] According an aspect of the present invention, the 
optical disc determining step determines that the optical disc 
is good When the depth of the scratch generated on the 
surface of the optical disc is equal to or greater than 0 pm or 
less than 2 pm, and that the optical disc is poor When the 
depth of the scratch generated on the surface of the optical 
disc is greater than 2 pm. 

[0043] The absolute reference value for determining the 
optical disc poor or good is set to 2 pm. 

[0044] It is to be understood that both the foregoing 
general description and the folloWing detailed description of 
the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
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incorporated in and constitute a part of this application, 
illustrate ernbodirnent(s) of the invention and together With 
the description serve to explain the principle of the inven 
tion. In the drawings: 

[0046] FIG. 1 illustrates a schematic vieW shoWing a taber 
abrasion testing apparatus according to the present inven 
tion; 

[0047] FIG. 2 illustrates a ?oWchart shoWing a method of 
testing rnechanical endurance of a surface of an optical disc 
according to the present invention; 

[0048] FIGS. 3 illustrates a vieW explaining a predeter 
rnined scratch pattern is generated on an optical disc by 
using a rnicro-scratch tester according to the present inven 
tion; 

[0049] FIG. 4 illustrates a graph shoWing experimental 
values of scratch depth generated according to pressure 
applied on an optical disc according to the present invention; 
and 

[0050] FIG. 5 illustrates a graph explaining a method of 
testing rnechanical endurance of a surface of an optical disc 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0051] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
Which are illustrated in the accompanying draWings. Wher 
ever possible, the same reference numbers Will be used 
throughout the draWings to refer to the same or like parts. 

[0052] FIG. 1 illustrates a schematic vieW shoWing a taber 
abrasion testing apparatus according to the present inven 
tion. 

[0053] As illustrated in FIG. 1, an apparatus for testing 
rnechanical endurance of a surface of an optical disc 
includes a rotating plate 20, on Which an optical disc 30 to 
be scratched is loaded, for rotating the loaded optical disc 
30, and a plurality of abrasion Wheels 10, disposed at a 
perpendicular to the rotating plate 20, for contacting the 
optical disc 30 and generating the scratch, the scratch being 
generated When the optical disc 30 rotates under 5 turns for 
the abrasion Wheels 10 apply a predetermined load on the 
optical disc 30. 

[0054] MeanWhile, the abrasion Wheels are selected from 
any one of CS-lOF, CS-10, and CS-17. 

[0055] Hereinafter, the testing method of the mechanical 
endurance of the surface of the optical disc of the present 
invention by reference With the accompanying draWings. 

[0056] FIG. 2 illustrates a ?oWchart shoWing a method of 
testing rnechanical endurance of a surface of an optical disc 
according to the present invention. 

[0057] As shoWn in FIG. 2, ?rst, the optical disc 30 is 
?xed on the rotating plate 20, and then the rotating plate 20 
rotates together the optical disc (Step S10). 

[0058] Next, the abrasion Wheels 10 contact the optical 
disc 30 being rotated at an upper end in a normal rnotion 
(Step S20). 
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[0059] The predeterrnined load is applied on the optical 
disc 30 in normal direction according to the scratch test so 
that the contacting load betWeen the optical disc 30 and the 
abrasion Wheels 10 is increased (Step S30). 

[0060] After maintaining the contacting load betWeen the 
optical disc 30 and the abrasion Wheels 10 as many as the 
predetermined turns of the optical disc 30, the abrasion 
Wheels 10 are moved in the normal direction so that the 
abrasion Wheels are departed from the optical disc 30 (Step 
S40). 
[0061] As described above, on the surface of the optical 
disc 30 being rotated, the predetermined load and the 
abrasion Wheels 10 contacting the optical disc 30 based on 
the predetermined turns cause the generation of a predeter 
rnined scratch pattern on the surface of the optical disc 30 as 
illustrated in FIG. 3. 

[0062] As illustrated in FIG. 3, by using the taber abrasion 
tester according to the present invention, the predetermined 
scratch pattern is generated on the surface of the optical disc 
30, so that the depth of the scratch can be obtained. 

[0063] FIG. 4 illustrates a graph shoWing experimental 
values of the scratch depth generated according to pressure 
applied on the optical disc 30 according to the present 
invention. Here, a bare disc Without a coating layer and a 
hard-coated disc are used as experimental rnaterials. 

[0064] In the experiment as illustrated in FIG. 4, if the 
scratch With depth deeper than 2 pm is generated, it is 
measure that a servo error is generated When a dynamic 
characteristics of the optical disc 30 is estimated. 

[0065] Narnely, When the endurance test of the surface of 
the optical disc 30 is performed, the 2 urn is de?ned as the 
absolute reference value for determining Whether the optical 
disc 30 is poor or good, and by ?nding a still Wool test 
condition causing the scratch depth of 2 urn, the mechanical 
endurance of the surface of the optical disc 30 under the 
condition so that the generation degree of the scratch is 
quantiZed. 
[0066] FIG. 5 is a graph explaining a method of testing 
rnechanical endurance of a surface of an optical disc accord 
ing to the present invention, and represents a graph as the 
depth of the scratch generated on the optical disc 30 by the 
load applied to kind of abrasion Wheel such as CS-lOF, 
CS-10, and CS-17. 

[0067] As illustrated in FIG. 5, the load generated from 
the abrasion Wheels 10 is quantized to 0.5N (50 gf) to 16.2N 
(1650 gf), and is differently set according to kind of the 
abrasion Wheels. 

[0068] Narnely, in the taber abrasion test, under the con 
dition of using the CS-lOF as the abrasion Wheel 10 and 
rotating the optical disc 30 only one turn, it is understood 
that the load generating the scratch depth of 2 urn ranges 
0.5N (50 gf) to 2.5N (250 gf), preferably 1.5N (150 gf). 

[0069] Under the condition of using the CS-lO as the 
abrasion Wheel 10 and rotating the optical disc 30 only one 
turn, it is understood that the load generating the scratch 
depth of 2 urn ranges 6.4N (650 gf) to 8.3N (850 gf), more 
preferably 7.4N (750 gf). 

[0070] Moreover, under the condition of using the CS-17 
as the abrasion Wheel 10 and rotating the optical disc 30 only 
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one turn, it is understood that the load generating the scratch 
depth of 2 pm ranges 11.8N (1200 gf) to 13.7N (1400 gf), 
more preferably 13.2N (1350 gf). 
[0071] Therefore, if the abrasion Wheel 10 Were hard one, 
namely, CS-10F, the load of the surface of the optical disc 
30 is quantized to 0.5N (50 gf) to 2.5N (250 gf), more 
preferably quantized to 1.5N (150 gf), if the abrasion Wheel 
10 Were middle one, namely, CS-10, the load of the surface 
of the optical disc 30 is quntiZed to 6.4N (650 gf) to 8.3N 
(850 gf), more preferably quantiZed to 7.4N (750 gf), and if 
the abrasion Wheel 10 Were soft one, namely, CS-17, the 
load of the surface of the optical disc 30 is quntiZed to 11.8N 
(1200 gf) to 13.7N (1400 gf), more preferably quantiZed to 
13.2N (1350 gf). 
[0072] The contacting load betWeen the optical disc 30 
and the abrasion Wheel 10 is maintained to a corresponding 
load in proportion to numbers of the turn of the optical disc 
according to quantiZed condition so that the scratch is 
generated on the optical disc 30. 

[0073] At that time, by reducing the abrasion degree of the 
optical disc 30 due to the abrasion Wheel 10 at minimum by 
decreasing the number of the turn of the optical disc 30 to 
under 5 turns, the scratch very closer to the scratch to be 
generated in an actual life so that the reliability of test for the 
mechanical endurance of the surface of the optical disc 30 
can be enhanced. 

[0074] In other Words, the scratch on the optical disc 20 in 
the real life is generated by being scratched feW times, on the 
contrary, the more times the abrasion Wheels 10 are 
scratched, the more the scratch during several rotation of the 
optical disc 30 by using the taber abrasion tester makes a 
difference from the scratch in real life due to abrasion of 
ambient optical disc to be scratched. 

[0075] With this reason, there is a problem in the reliabil 
ity for the mechanical endurance test of the surface of the 
optical disc due to the scratch, and then this is the Worst 
serious problem occurring in the mechanical endurance test 
of the surface of the optical disc according to the conven 
tional art. 

[0076] According to the present invention, since the num 
ber of turns of the optical disc can be reduced to 1 turn at 
minimum to 5 turns at maXimum value by the quantiZed 
absolute reference value, the reliability of the mechanical 
endurance test of the surface of the optical disc can be 
enhanced by causing the scratch of type the closest the 
scratch in real life. 

[0077] As described above, just during one turn of the 
optical disc, after generating the scratch by using the load 
condition 0.5N (50 gf) to 16.2N (1650 gf) causing the 
scratch With a depth of 2 pm, the endurance is to be tested 
through the scratch generated on the surface of the optical 
disc 30 by separating the scratched disc 30 from the rotating 
plate 20. Next, the optical disc 30 is determined to be poor 
or good (Step S50). 
[0078] After this, other optical disc to be tested is loaded 
on the rotating plate 20, the testing operations as described 
above are repeated so that a plenty of optical discs are 
determined to be poor or good. 

[0079] As described above, the apparatus for testing the 
mechanical endurance of the surface of the optical disc and 
the method performed the apparatus have folloWing advan 
tages. 

pm 
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[0080] First, the generation degree of the scratch is quan 
tiZed to enhance the mechanical characteristics of the sur 
face so that the preservation of data according to achieve 
ment for the high-density of the optical disc can be 
increased. 

[0081] Second, since the quality of the optical disc is 
tested easily and precisely, the reliability of the optical disc 
can be enhanced. 

[0082] Third, the scratch can be formed as much as to Wish 
in a short time so that the testing time for the mechanical 
endurance test of the surface of the optical disc can be also 
decreased and the manufacturing cost may be reduced. 

[0083] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
present invention. Thus, it is intended that the present 
invention covers the modi?cations and variations of this 
invention provided they come Within the scope of the 
appended claims and their equivalents. 

What is claimed in: 
1. An apparatus for testing mechanical endurance of a 

surface of an optical disc, comprising: 

a rotating plate, on Which an optical disc to be scratched 
is loaded, for rotating the loaded optical disc; and 

a plurality of abrasion Wheels, disposed at a perpendicular 
to the rotating plate, for contacting the optical disc and 
generating the scratch, the scratch being generated 
When the optical disc rotates under 5 turns for the 
abrasion Wheels apply a predetermined load on the 
optical disc. 

2. The apparatus of claim 1, Wherein the load applied on 
the optical disc by the abrasion Wheels ranged from 0.5N (50 
gf) to 16.2N (1650 gf). 

3. The apparatus of claim 1, Wherein the depth of the 
scratch on the surface of the optical disc ranges 0 pm to 2 

4. The apparatus of claim 1, Wherein the abrasion Wheel 
is any one of CS-10F, CS-10, and CS-17. 

5. The apparatus of claims 1, Wherein the scratch is 
generated When the optical disc rotates one turn for the 
optical disc is applied With a load of 0.5N to 2.5N (50 gf to 
250 gf) by the CS-10 F abrasion Wheel. 

6. The apparatus of claim 1, Wherein the scratch is 
generated When the optical disc rotates one turn for the 
optical disc is applied With a load of 6.4N to 8.3N (650 gf 
to 850 gf) by the CS-10 abrasion Wheel. 

7. The apparatus of claim 1, Wherein the scratch is 
generated When the optical disc rotates one turn for the 
optical disc is applied With a load of 11.8N to 13.7N (1200 
gf to 1400 gf) by the CS-17 abrasion Wheel. 

8. A method of testing mechanical endurance of a surface 
of an, optical disc by using a testing apparatus of Which a 
rotating plate rotates the optical disc and a plurality of 
abrasion Wheels generates scratch on the optical disc, com 
prising the steps of: 

?xing the optical disc on the rotating plate; 

rotating the optical disc by the rotating plate; 

contacting the abrasion Wheels to the surface of the 
optical disc and increasing a contacting load of the 
abrasion Wheels and the optical disc by a predetermined 
load; 
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generating the scratch on the surface of the optical disc by 
maintaining the contacting load of the optical disc and 
the abrasion Wheels until the optical disc rotates belloW 
?ve turns and departing the abrasion Wheels contacting 
the optical disc from the optical disc; and 

separating the optical disc from the rotating plate and 
determining Whether the optical disc is poor or good by 
comparing a depth of the scratch generated on the 
surface of the optical disc With a predetermined abso 
lute reference value. 

9. The method of claim 8, Wherein the load applied on the 
optical disc by the abrasion Wheels during the generation of 
the scratch ranged from 0.5N (50 gf) to 16.2N (1650 gf). 

10. The method of claim 8, Wherein the depth of the 
scratch on the surface of the optical disc ranges 0 urn to 2 
pm. 

11. The method of claim 8, Wherein the abrasion Wheel is 
any one of CS-10F, CS-10, and CS-17. 

12. The method of claim 8, Wherein the scratch is gen 
erated When the optical disc rotates one turn for the optical 
disc is applied With a load of 0.5N to 2.5N (50 gf to 250 gf) 
by the CS-10F abrasion Wheel. 
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13. The method of claim 8, Wherein the scratch is gen 
erated When the optical disc rotates one turn for the optical 
disc is applied With a load of 6.4N to 8.3N (650 gf to 850 gf) 
by the CS-10 abrasion Wheel. 

14. The method of claim 8, Wherein the scratch is gen 
erated When the optical disc rotates one turn for the optical 
disc is applied With a load of 11.8N to 13.7N (1200 gf to 
1400 gf) by the CS-17 abrasion Wheel. 

15. The method of claim 8, Wherein the optical disc 
deterrnining step determines that the optical disc is good 
When the depth of the scratch generated on the surface of the 
optical disc is equal to or greater than 0 urn or less than 2 urn, 
and that the optical disc is poor When the depth of the scratch 
generated on the surface of the optical disc is greater than 2 
pm. 

16. The method of claim 8, Wherein the absolute reference 
value for determining the optical disc poor or good is set to 
2 urn. 


